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ABSTRACT

A small strain gage was developed for the measurement of static and

dynamic strains when embedded in soil samples. The gage itself consists

of two sets of two coil discs; associated instrumentation includes electronic

driving, amplifying, and recording circuitry. One set of coils is embedded

in soil as the strain sensing element; the other is externally positioned to

serve as a reference. The principle of operation is that of an air core

differential transformer with a null balancing system to permit accurate

measurements of small strains.

The gage is a reliable precision measuring device. Results of static

and dynamic evaluations prove that the coils can be consistently placed in

soil specimens within the spacing and alignment requirements. Thus, the

gage accurately defines the relative position of two points in the soil and

accurately measures the change in spacing of these points when the specimen

is strained.

All indications are that the gage is well suited for the measurement of

strain in soil and that with further investigation of the effect of gage presence

and appropriate modifications to reduce this effect, the gage may be used to

reliably measure both static and dynamic strains within a very small gage

length.
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1. INTRODUCTION

The objective of the program was to design, develop and verify

the operation of a small gage to measure strain in soil. The gage was

intended for the laboratory study of small soil samples under both static

and dynamic loading conditions.

To determine strain, the change in spacing between two points a

finite distance apart, must be known. The relative displacement of two

points in soil may be measured in two ways. First, the absolute displace-

ment for each point may be determined, the differential displacement being

the difference between the two. This method requires either a fixed dis-

placement reference outside the soil mass, or integration of acceleration or

velocity measurements.

A fixed displacement reference is impractical for most dynamic

applications. Integration and subtraction of the resulting numbers, which

are usually large as compared to their difference, introduces error of the

magnitude of the measurements.

The second, more practical scheme is direct measurement of

differential displacement. This may be accomplished by a transducer con-

necting two gage points (coupled strain gage). Gages of this type have been

developed and are available. Their use as a soil strain gage has usually

been on a larger scale for field testing. The principal disadvantage of this

type gage is the presence of the transducer which requires physical con-

nection between the gage points. Such a physical connection introduces a

body foreign to the soil within the gage *..ngth, influencing the natural

response of the soil to deformations. Furthermore, it complicates place-

ment in that moving linkages must be protected from binding due to inter-

ference of soil particles.

It appeared feasible to develop a gage which would have no

physical connection between the gage points (uncoupled strain gage), thus

eliminating the linkage and its disturbance and restraint on the surrounding

soil. A device based on a transformer principle of operation had previously
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been used at the Armour Research Foundation to detect defects in rolled

stool plates. Preliminary investigations indicated that this principle could

be adapted to use as a soil strain gage. This gage would be essentially an

air-core differential transformer, the sensing elements being the primary

and secondary windings. Considering the advantages offered by an un-

coupled, direct measuring gage, we decided to direct the major effort to

the development of a gage of this type.
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2. PURPOSE AND SCOPE OF INVESTIGATION

Ideally it is desirable to measure strain at a point. Physically

this is not possible. Instead, it is necessary to determine an average

strain obtained by measuring the change in spacing of two points a finite

distance apart. The purpose of this research was to produce a gage to

reliably make strain measurements in soil. Reliability of measurement is

meant to include: first, that the output of the gage accurately represents

the relative initial position of two points in the soil and subsequent dif-

ferential movements of these points; and second, that the movements

measured are those which would have taken place had the gage not been pre-

sent.

The program consisted of the following phases: (1) feasibility

study and prototype gage design, (Z) bench evaluation of gage performance,

(3) evaluation of embedded gage performance for accuracy of measurements

under static and dynamic loads, (4) preliminary study of the significance of

gage presence on the meaisurements made, and (5) final gage design and

fabrication.

Phases (I) and (5) were continuous throughout the program. Once

it had been established that the gage concept was feasible and a prototype

gage was constructed, an optimum design was sought through refinement of

the sensing elements and the backup electronic equipment.

Work on phase (2) began immediately after the development of

the prototype gage. This work was conducted in sufficient detail to deter-

mine adequately the suitability of the gage for use in soil. The third and

fourth phases were conducted simultaneously. The fourth phase was by far

the most difficult. Proper evaluation would require a comparison of dif-

ferent gage sizes in a controlled test series in which all parameters

involved could be evaluated. Neither the range in gage sizes nor the time

required for such a study was available for an investigation of this type.

Instead, it was decided to conduct a simple test in which gage performance

as defined in phase (3) could be thoroughly evaluated and from which some
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feeling for the effect of gage presence could be obtained. This investigation

served quite satisfactorily for its primary purpose. and at the same time

established, beyond any doubt, the necessity of a thorough study of the

effects of gage presence.
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3. GAGE DESIGN AND DEVELOPMENT

3. 1 Design Criteria

The design criteria for the soil strain gage were based upon

considerations of the measurements to be made, the ideal concept of strain,

the operational environment, soil-gage interaction, and problems of gage

placement.

The measurements to be made were (1) initial gage length in soil

and (2) changes in this length as the soil deformed. The physical signifi-

cance of the results depends on the accuracy with which these measurements

can be made. It is imperative that the gage be sensitive to small differential

axial movements, yet be insensitive to the lateral and rotational movements

created by lateral and shearing strains.

Strain cannot be determined ideally, i.e., at a point. It is

necessary instead, to use an average strain obtained by measuring the

change in spacing of two points a finite distance apart. Obviously, only

when the strain is uniform in the zone between the gage sensing elements is

the measured average strain equal to the true strain. This physical limita-

tion becomes most significant in the determination of strains produced by a

passing shock wave. Under these conditions, the strains will change most

rapidly in the vicinity of the shock front. Hence, the strain in the region

between the gage elements will be very non-uniform as the shock front

passes from one gage element to the other. The severity of this limitation

in actual application will depend upon the rise time of the wave front, but it

is clearly desirable to make the gage length as small as possible.

Frequency response is also important in dynamic measurements.

High-frequency response determines the minimum rise time the gage is

able to sense. In practice, rise time may vary from almost instantaneous,

as would occur at the soil surface under an air shock, to the gradually

applied static load. Thus, the greater the range of frequency response, the

greater the range of application of the gage.
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Considerations of operational environment dictate that a gage

designed for use in soil must necessarily be insensitive to soil type and to

the moisture which the soil may contain.

Soil-gage interaction creates a difficult problem. Ideally, it

would be desirable to design a gage which would match perfectly the

characteristics of the soil which it displaces. Practically, this is not pos-

sible. The characteristics of soil vary not only with soil type, such as

clays, sands, and silts, but variations occur within any one type depending

on moisture content and degree of compaction. One can only hope to mini-

mize interaction effects by making the size of the inserted components as

small as possible and by designing the gage so that it is actuated with a

minimum resistance to free movement of the soil. For dynamic applications

it is also desirable to have the density of the gage components in the same

range as the density of the soil in order to minimize inertial effects.

Problems associated with gage placement must also be taken into

consideration in gage design. Since the gage under consideration is intended

for laboratory use, the problem of gage placement is not as acute as in the

case of a gage intended for field use. Frequently field measurements are

desired in natural soil deposits. Meaningful in situ measurements with an

embedded gage require extremely careful gage placement. Excavation for

gage insertion must be accomplished with a minimum of disturbance to the

surrounding soil. The gage must either be directly coupled to the natural

soil or the soil around the gage must be replaced in such a manner that the

natural characteristics are identically reproduced, virtually an impossible

task. Even if the gage is directly coupled to the natural soil the excavation

must be refilled. Differences in the characteristics of the backfill and the

natural soil deposit may influence the response of the soil in this region.

Field tests conducted in a controlled area which is excavated and then back-

filled still pose difficult problems. These tests are usually large scale and

a mechanical method of compaction such as large rollers is used. If gage

orientation or alignment is critical a special means of compaction probably

will be required in the area of the gage. This introduces the problem of

trying to duplicate on a small scale the compactive effort applied to the

remainder of the test area. If the gage is inserted after preparation of the
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entire test site then the same problems exist as for in situ measurements.

In laboratory studies most specimens are remolded and in such cases the

gage may be embedded as the specimen is formed. However, some latitude

must be provided in the required gage alignment in the soil and provision

must be made for placement of the soil in the vicinity of the gage to ensure

homogeneity throughout the entire specimen.

The requirements of measurement and operation which the gage

must possess may be summarized as foilows:

(1) accurate determination of gage length

(2) sensitivity to small changes in gage length

(3) insensitivity to effects of lateral and shearing strains

(4) small gage length

(5) wide range of frequency response

(6) small size

(7) offer no resistance to movement to actuate the gage

(8) density in the range of soils in which it is used

(9) tolerable requirements of alignment to allow placement

(10) permit placement of soil in gage vicinity.

3.2 Gage Design

The gage concept found to most satisfactorily me~et the established

criteria was the uncoupled strain gage. The gage consisted of two small

coils of copper wire embedded in the soil with a second set of identical coils

external to the soil, each set of coils representing a primary and secondary

transformer winding. In this transformer configuration, the primary coils

are series connected to an a-c power source, and the secondary coils are

series connected to a receiving circuit. Each set of windings, when

closely spaced4 is linked by a magnetic field hwhse rate of change, bucause of

the a-c excitation, induces an alternating voltage in the secondary winding.

The magnitude of the induced voltage is a function of distance between wind-

ings, flux path permeability, strength of excitation and number of turns.

-7-



An initial experimental-circuitry setup (Figure 1) indicated that

it was feasible to use this principle in the design of a soil strain gage. Two

sets of coils are used to increase sensitivity to differential movements.
This is necessary because the percentage voltage change measured across

one sensor coil for small changes in spacing is small. However, with the

two sets of coils connected so that the resulting signal is the difference of

the individual coil outputs, the percentage change in output voltage is greatly
increased. This voltage was amplified to increase sensitivity so that changes

in spacing at least as small as I per cent of the nominal spacing could be

detected, This arrangement is referred to as a null-balance system.

S.nsor Coils
f (secondary windings)

D-iver Coils
(primary windings)

Fig. I STRAIN-GAGE CIRCUITRY
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Figure 2 shows the basic components of the air-core differential-

transformer setup for the application as a soil strain sensor. When the

driver coils (primary windings) were energized with a high frequency

a-c current, voltage was induced in the pickup coils (secondary windings).

The spacing of the embedded coils was then determined by adjusting the

external micrometer mounted coils until a null was obtained.

The accuracy with which gage length (initial coil spacing) can be

determined (when perfect alignment conditions exist) depends on the uniform-

ity of coil construction. If the driver coils were identical, then the mag-

netic fields generated would also be identical. Similarly if the pickup coils

were identical, then the induced voltages would be identical for the same

spacing. The best fitting was obtained by constructing a number of gages

and checking them in pairs by trial and error. By this procedure it was

possible to make the null spacings agree within 1 per cent over a minimum

range of spacings of 0.2 in. to 0.5 in.

Perfect alignment conditions cannot, of course, be realized.

This would impose too great restrictions on placement, and even if perfect

initial alignment were possible, lateral and shearing strains might produce

some lateral relative displacements. To reduce sensitivity of the device to

small misalignm-jents, the driver coils were made larger in diameter than

the pickup coils. This was accomplished by winding the driver coils with a

greater number of turns and a larger inside diameter. A ratio of two to one

was used for both the number of turns and the inside coil diameter. This is

contrary to efficient transformer design because induced voltage is directly

proportional to the number of winding turns. However, in this manner the

area of uniformity of the magnetic field created by the driver coil was

greater than the cross sectional area of the pickup coil. This allowed the

pickup coil to move laterally within this uniform area with negligable effect

on gage output. The actual amount of movement allowed is dependent on the

coil spacing and varies somewhat with the uniformity of coil construction.

Investigation of ID ratios of 4:1 showed slight improvement in

performance, but it was decided the advantage gained was not great enough

to justify the corresponding increase required in driver coil OD.

"9"I



Adjustable
S•_Micrometer

Die TunedUde Ts

Soil Sample

Fig. 2 PICTORIAL DIAGRAM OF SOIL STRAIN GAGE
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Minimum coil size was dictated by considerations of sensitivity

and the physical limitations on winding. Initially, coils were wound with

500 turns on the driver coils and 250 turns on the pickup coils. It was

found that this could be reduced to 300 turns on the driver and 150 on the

pickup without seriously impairing the sensitivity of the gage. Number

40 wire (Formvar Magnetic wire) was considered the smallest size practical

to work with. As technique in working with the wire and winding coils

improved, it became possible to wind the coils to a thickness of 1/32 in.

These coils were then molded in an epoxy which served as insulation against

moisture and contributed the necessary sturdiness. A covering of 1/64 in.

was provided on each side of the coil, making the total encapsulated coil

thickness 1/16 in. The outside diameter of the coils was made 3/4 in. to

accomodate the required number of driver coil windings and to allow the

lead connections to be encapsulated.

The density of the coils, as constructed, was approximately

120 lb per cu ft. This is in the range of most soils and in this respect is

considered to be quite satisfactory.

While the coils, differentially connected, represent the basic

elements of the gage, electronic circuits to amplify, demodulate, indicate

signal levels and maximize sensitivity, as well as the adjustable precision

coil mount are necessary parts of the gage apparatus and had to be designed

specifically for this system.

The strain-gage electronic components consist of a crystal con-

trolled 50-kc oscillator and drive-coil power amplifier. The pickup coils

are connected to an amplifier, which in turn is connected to a ring demodu-

lator, filter, and meter. The 50-kc oscillator is a standard component

manufactured by Delta-F of Geneva, Illinois. The unit is powered by a

Dessen-Barnes 30-volt, 325-milliampere power supply.

Figure 3 is a circuit diagram of the complete system. The 50-kc

Delta-F oscillator has an output of approximately one volt at 600 ohms.

This signal is amplified by transistor Q 1 to a level of approximately 10 volts

measured at the output of the 10-turn winding of the transformer TI to which

- 11 -
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the driver coils are connected. The pickup coils are connected differentially

so that for equal spacing between the two sets of sensor and driver coils the

resultant output is zero. When the spacing of the two sets is different, a

small differential voltage appears at the input of the amplifier. Once

amplified, the signal of interest is the envelope of this high-frequency car-

rier, since it is this amplitude which is proportional to the coil spacing. To

separate the envelope from the high frequency carrier, the signal must be

demodulated A conventional ring demodulator was used. This type de-

modulator is sometimes called a synchronous detector and permits operation

with a suppressed :arrier. T'he demodulator output, therefore, is zero

when the carrier input is zero or nulled, and is either positive or negative

in polarity when the two sensor coil voltages are not equal. The polarity

depends on which coil has the larger voltage, thereby indicating whether the

coils which would be embedded in the sample have moved closer together or

farther apart. The maximum signal level with one set of coils placed close

together and the others set far apart is 20-v peak-to-peak measured across

TPI on the rear of the unit. The capacitors, C6 in the collector circuit of

the second amplifier Q3 and C7 in the driver coil circuit provide filtering of

harmonics and correct phase error. The response of the electronics is

restricted to 10-kc by the output filter which follows the demodulator circuit.

A meter is provided for accurate nulling along with sensitivity range con -

trols.

A Dressen-Barnes Model 20-30 transistor power supply is built

into the instrumentation package. A circuit diagram of the supply is shown

on Figure 4.

The shock-front rise time which the gage can sense is governed by

the reaction time of the entire circuitry. The oscillator produces a 50-kc-ý

signal and theoretically the gage should sense a shock rise time of ZO sec.

However, lag is introduced throughout the circuitry as each component

functions. The reaction time of this system as a whole is of the order of

75 1& sec. This is felt to be suitable for most applications.

- 13 -
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Figure 5 displays the components which constitute the soil strain

gaga in its finalized form. These consist of two sets of coils, the adjustable

precision coil mount, and the electronic auxiliaries.

Conventional trouble-shooting techniques should be employed in

servicing this instrument. For aid in servicing and maintaining the instru-

ment the following information is included in Appendix I: Component parts

listing(Table I- I), Component parts location (Fig. 1- I), the Dressen-Barnes

parts list (TabloI-2), and the Dressen-Barnes power supply manual.

3.3 Operational Procedure

There are four controls on the soil strain gage instrumentation

package. Three are on the front panel and the other is accessable from the

side of the instrument. The following procedure should be followed in

alignment of the instrument to assure accuracy:

(1.) Place both sets of coils on adjustable micrometer coil mounts

The rods on which the coils are mounted are nonmetallic to avoid

any distortion of the magnetic field. The micrometer head pro-

vides mechanical means of accurate adjustment of coil spacing.

(2) Before the instrument power is turned on observe the meter

reading. If the meter reads off the zero mark, adjust the meter

zero adjustment control to obtain a zero reading.

(3.) Turn on power.

(4.) Allow unit a minimum of 15 minutes warm up time to reach a

stable operating temperature. Place the range selector to the

-a I ibrate position and observe the meter reading. If the null

meter does not read zero connect a CRO or an a-c voltmeter to

TP-2 (on the rear of the instrument) and ground, and observe the

voltage level Adjust the demodulator balance controls (on the

side panel) to obtain a d-c null and a minimum a-c level. If the

meter reads only slightly off null, a-c level may be neglected and

adjustment of one of the demodulator balance controls to obtain null

is sufficient. The adjustment should be checked periodically dur-

ing testing.

-15-
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(5 ) Adjust the micrometer coil mounts so that both coils are

spaced at about 0.4 in. (or approximately the expected embedded

spacing). Place the range selector switch on low sensitivity.

If the meter moves far off null, and there is little or no effect by

adjustment of the micrometer, the coils are differentially con-

nected and one coil connection must be reversed. If coil connec-

tions are reversed, recheck null in the calibrate position as null

may change slightly. With coil connections properly established,

move the range selector switch to high sensitivity and adjust both

micrometers to the same setting. Release the set screw locking

4the stationary coil position (on the coil set which is to serve as

the external reference coils) Adjust this stationary coil position

to obtain null, and lock the stationary coil in position. This

compensates for nonuniformities which may exist in the generated

magnetic field at approximately the expected test spacing, and

also for any difference in the thickness of the coil epoxy coating.

(6 ) The -ange selector switch should now be placed in the off

position. The coils which are to serve as the embedded sensing

elements may be removed from the mic:7ometer mount and

inserted in the test specimen.

Note; Do not remove the coils from the micrometer mount
with the range selector switch on high or medium sensitivity
positions or the resulting rapid off-scale indicator move-
ment may damage the meter

Upon completion of specimen preparation the range selector switch

should be set to low sensitivity and the externally mounted coils adjusted by

the micrometer screw to obtain a null at the indicator The next procedure

depends on whether the imposed loading on the specimen is to be static or

dynamic

For static measurements the following procedure is recommended:

Set the range selector switch to high sensitivity. This makes the gage

sensitive to differertial movements of the order of 0. 3 per cent of the coil

spacing, As the specimen is deformed, continually renull using the micro-

meter head to reposition the externally mounted coils. The spacing of
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these coils will then follow the spacing of the embedded coils.

For dynamic measurements a different procedure must be used

since it is not possible to continually renull. In this case, it is first nec-

essary to estimate the maximum change which will occur in coil spacing.

The externally mounted coils are then offset by this amount and the sensitivity

controls adjusted to give maximum sensitivity without overdriving the amplifier.

Gage output is also fed to an oscilloscope where sensitivity controls again

must be adjusted to maintain the signal on the scope over the entire range of

movement expected. With both strain gage and scope sensitivities set, the

gages are then calibrated. This is done by moving the externally mounted

coils through a series of incremental changes and noting the corresponding

signal displacement on the oscilloscope. These displacements are of opposite

phase but equal magnitude to those which are caused by identical differential

movements of the embedded coils under an applied dynamic load.

The following procedure is suggested for oscilloscope calibration'

1.) The oscilloscope selected should have a d-c vertical

amplifier.

(2.) Make an estimate of the maximum coil spacing change expected.

With the scope set to sweep repetitively at some reasonable rate

(0.5 or 0. 1 milliseconds per division) null the output by observing

the meter.

(3.) Set this line at the top of the scope face.

(4.) Separate the coils on the precision coil mount, from the null

position to the distance estimated in step 2

5.) Adjust the gain of the scope so that this level is represented

by the sweep line near the bottom of the scope face.

(6.) Return to null and photograph that line.

(7.) Photograph a line spaced a desired distance down (such a I cm

from the null line or that which would be produced by adjusting the

coils 0. 005, 0. 010, or 0.020 in further apart from null). Photo-

graph a series of sweeps in equal increments, and then return to

null.
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(8.) Adjust scope sweep rate to that estimated to be appropriate

for the test.

(9.) Adjust the scope sensitivity so that only one complete

sweep will appear during the test. The instrument is now ready

to record the transient strain pulse. Figure 6 is an example of how

the calibrated scope face would appear in the photograph.

A complete operation manual will be issued with the soil strain

gage for convenience in maintaining and operating the equipment.
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4. EVALUATION OF GAGE PERFORMANCE

4.1 Bench Evaluation of Gage Performance

The principle of operation of the soil strain gage relies on the

exact uniformity of the magnetic fields between the two sets of coils; one

set placed in the soil, the other placed on a precision-adjustable coil mount.

Because the lines of flux of the magnetic field are influenced by the permea-

bility of the medium in which they exist, the initial investigation examined

the possible effect of soil and moisture upon the magnetic field of the em-

bedded coils. Sand, kaolinite clay, illite clay, and bentonite were used for

this investigation. Both sets of coils were placed on the precision mounts

and adjusted to a null position. Each soil in the air-dry state was then

placed in turn around one set of coils, and the coils renulled at various gage

spacings. In no case was the accuracy of null affected by the presence of

the soil. The procedure was then repeated with water added to the soil;

again no effect could be detected on the null position.

One set of gages was then immersed in water to ensure that ade-

quate protection against moisture was being provided by the epoxy coating,

and to determine if the difference in flux permeability between air and water

affected the performance of the gage. Again no effect could be detected.

A soil containing iron might be, it was thought, the worst condi-

tion in this respect. To check this the gage was embedded in dry kaolinite

clay containing iron powder. Mixtures of 2 per cent and 4 per cent of iron

powder by weight were placed around one set of coils.

The results of this investigation are presented in Figure 7. Per

cent error in spacing is based on the true spacing of the coils surrounded

with soil. Disagreement in coil spacing in air (without soil surrounding

either gage) is due to slight nonuniformities in coil construction, as seen it

is only 1 per cent at 0. 2 -in. spacing and within 0. 5 per cent from 0. 3-in.

to 0. 6-in. spacing. The addition of 2 per cent iron powder has ho effect.

The difference in this curve and that for air is within the capability of deter-

mining null. The addition of 4 per cent iron powder results in a curve
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Fig. 7 EFFECT OF SOIL WITH MAGNETIC MINERAL CONTENT

ON GAGE PERFORMANCE
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almost identical to the first two, out to a spacing 0. 5-in., except that it in

shifted upwards about 1 per cent. Beyond 0. 5-in. sensitivity diminishes

rapidly and the reliability of the gage is considered to be questionable.

Four per cent magnetic mineral content is considered to be as high a per-

centage as would normally be found in soils. If a soil with higher magnetic-

mineral content were encountered, compensation could be made by inserting

soil of the same type between the reference coils. If identical conditions

were produced in the spacing between the embedded coils and reference coils,

this source of error would be eliminated.

Sensor -•

Driver Sen s

___ __ _ (rotational)

U K (lateral)

K ---- - (longitudinal)

Fig. 8 COIL POSITION PARAMETERS

The effect of lateral and rotational misalignment was next

investigated (Figure 8). To examine these effects one set of coils was

positioned on a machinists jig to allow lateral and rotational movements.

The other set was positioned on the micrometer mount. The system was

energized and the coils nulled at a spacing of 0. 100 in. The coils on the

micrometer mount were then displaced 0. 001 in. and the differential voltage

recorded. The system was then renulled and the coils on the jig laterally

displaced until the same differential voltage was generated. This displace-

is the amount of lateral misalignment which will cause a 1 per cent error in

the determination of gage spacing. Lateral displacements required to pro-

duce 2 per cent and 3 per cent error in spacing were similarly determined.

The coils were then realigned laterally and the rotation which caused the dif-
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ferential voltage for 1 per cent change in spacing to be generated was deter-

mined. This procedure was then repeated at coil spacings of 0.Z, 0.3, 0.4,

and 0. 5 in. Table 1 summarizes these results.

TABLE 1

COIL MISALIGNMENT FOR PERCENTAGE ERROR IN DETERMIN-

ATION OF COIL SPACING

Lateral Misalignment, Rotational Misalignment,

Gage Spacing, I (in.) (deg)

(in.) Per Cent Error

1% 2% 3% 1%

0. 1000 + .0020 + .0030 + 0.036 + 5

0.2000 + 0.032 + 0.045 + 0.060 + 8

0.3000 + 0.040 + 0.058 + 0.072 + 8.5

0.4000 + 0.050 + 0.068 + 0.082 + 9

0.5000 + 0.060 + 0.078 + 0.090 + 11

The performance icf the gage with respect to rotational misalign-

ment is felt to be adequate. Experience gained in working with the gage has

shown that there is sufficient latitude tolerable to allow for proper placement.

Lateral misalignment is more of a problem with respect to place-

ment. While the gage is much less sensitive to lateral motion than to axial

motion, the lateral motion required to produce I per cent error in the nulled

spacing is of significant magnitude with respect to percentage of spacing

distance (approximately 15 per cent at 0.2 in. spacing and 12 per cent at

0. 5 in. spacing). In terms of actual distance this allows only 0. 06 in. at

0. 5 in. spacing, implying rather stringent requirements on placement of the

coils, especially if some method of physical disturbance is used to compact

the specimen.
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The effect of initial misalignment upon determination of incre-

mental change was also investigated. For static measurements this effect

can be seen from the data in Table 1, (since statically one continually re-

nulls the system to determine the change in coil spacing). For example, if

the coils were misaligned 0. 06 in. laterally at 0. 500 in. spacing, the expected

per cent error in determination of spacing would be 1 per cent. Movement

of the coils inward to 0.2000 in. spacing without further increase in mis-

alignment would increase this error in determination of spacing to only 3 per

cent. Dynamic measurements, however, rely on monitoring the differential

voltage generated when the coils are displaced from the null position.

Measurements were made to determine if any significant difference in the

generated output for a given differential displacement of the coils from null

occurs with the coils aligned versus misaligned.

The procedure followed was to null the gages when aligned, and then

axially to displace the reference coils On the precision mount 1 per cent of

their spacing. The coils were renulled by laterally misaligning the other

coils. The reference coils were then moved through.a series of incremental

changes over a range of + 20 per cent of the coil spacing and meter output

determined. The system was then renulled and the incremental changes in

spacing of the misaligned coils to produce these same meter readings deter-

mined. This procedure wss then repeated for rotational misalignment.

Figures 9, 10, 11, and 12 show the results obtained for spacings of 0.3 and

0. 5 in.

Figure 9 presents the data for lateral misalignment at 0. 3 in.

spacing. As seen, the output for both coils is identical for movement of the

coils together, which simulates compression of the specimen. For outward

coil movements, simulated tension, the greatest difference in gage spacing

for the same generated differential voltage is 0. 002 in. occurring from about

0. 03 in. to 0. 04 in. incremental change. This represents a maximum error

of 7 per cent in the determination of incremental change at about 10 per cent

tensile strain.

Figure 10 shows the data for rotational misalignment at 0. 3 in.

spacing. The curves are virtually identical to those for lateral misalign-

ment and the same comments apply.
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CALIBRATION FOR 0.3-IN. COIL SPACING
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Figure 11 shows data for lateral misalignment at 0. 5 in. spacing.

The variance in the curves in the compressive direction represents an error

in determination of incremental change which gradually increases from zero

to 0. 001 in. at 0. 02 in. incremental change, or approximately 5 per cent

error at 4 per cent strain. This per cent error then remains constant

throughout the entire range of gage sensitivity. For outward movement of

the coils the error increases gradually to approximately 10 per cent at

4 per cent strain. Again it then remains almost constant throughout the

range of gage sensitivity.

Figure 12 is for rotational misalignment of the coils at 0. 5 in.

spacing. Correlation is much better in this case with essentially no error

for compressive movement of the gage up to approximately 12 per cent strain.
The error then increased to about 5 per cent at the ultimate range of gage

sensitivity. In tension there was essentially no error up to 4 per cent strain.
Beyond this, an error of approximately 5 per cent was found.

The above performance of the gage is felt to be satisfactory. It is

unlikely that strains greater than 4 or 5 per cent will be encountered with

soil in tension. Ten per cent is probably maximum in compression under

dynamic load.

4. 2 Static Evaluation of Gage Performance in Soil

Evaluation of the gage under static loads was undertaken to deter-

mine (1) the ability to consistently place the coils within the design tolerances

of lateral and rotational alignment, (2) the effects of lateral and shearing

strains which would tend to create further misalignment of the coils, and

(3) the effect of gage presence upon the induced strain field.

It was not felt that all these effects could be adequately studied in

this program. A thorough investigation of the effect of gage presence would

require comparison of relative gage size in a controlled test series. A range

in gage sizes was not available and since the gage was in the developmental

stage, initial study had to be restricted largely to the first two effects. It

was decided, therefore, to conduct a simple test in which these effects could

be properly evaluated and at the same time some feeling for the effect of

gage presence could be obtained.
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The test selected was the unconfined compression test using

cylindrical specimens of kaolinite clay. A range of moisture content was

used to investigate the effects of varying soil stiffness. Figure 13 lists the

characteristics of the kaolinite clay and shows the unconfined compression

load-deformation curves for the extremes of water contents used. These

data indicate the range in soil stiffness examined. Because the testing

procedure followed was directed towards strain comparison, complete

load-deformation records were not obtained for every test.

By using a clay as the test medium, a check could be made of

misalignment introduced in placement and any further misalignment produced

by straining the specimen by carefully slicing through a tested specimen to

expose the coils and then mechanically measuring the gage spacing. This was

then compared with the final position as determined by gage output.

Investigation of gage effect was limited to a comparison of gage-

computed strain with average strain computed from total deformation of the

specimen and with strain computed from surface measurements. These sur-

face measurements were used to compute strain graphically in the following

manner. The original position of horizontal lines marked at intervals long-

itudinally on the specimen, as measured from a stationary reference point,

were laid off as the abscissa. The measured absolute movement of each line

was plotted as the ordinate. The slope of the obtained plot is the strain. As

such, it was thought that a uniform strain field might be generated in the

specimen up to 3 to 4 per cent strain. However, this was definitely not the

case. Although these comparisons cannot indicate the degree to which the

presence of the gage influences soil response, they do provide some estimate

of the significance of this effect. Tests were conducted with two coil sizes.

The first coils developed for the project were 0. 15-in. thick by 1-in. dia-

meter. The final coils were 1/16-in. thick by 3/4-n. diameter.

The procedure used was as follows: remolded specimens were pre-

pared in molds 2.8 in. diameter, 4-in. high and 2.8-in. diameter, 6-in. high

which were lightly coated with grease to facilitate specimen removal. The

clay was compacted in layers using a Harvard Miniature compaction tamper.

The gage was inserted in the specimen at approximately mid-height during
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preparation. Tests were conducted with the gage embedded at the axial center

and at the periphery of the specimen. It was found necessary to stabilize the

relative coil position while the soil was being compacted to maintain proper

coil alignment. This was accomplished by inserting a 1/16 in. diameter rod

through the center of the two coils. The rod was withdrawn after completion

of the specimen. After the specimen was removed from the mold, a knife

edge was used to score the surface horizontally at intervals, to provide a

means for measuring surface strains.

The specimens were then tested in unconfined compression; total

specimen deformation was recorded by means of a dial gage. The method of

loading was controlled strain modified in that loading was halted at intervals

to permit surface measurements to be made with a cathetometer equipped

with a vernier scale to permit measurements to the nearest 0. 005 cm.

After completion of the test the specimen was carefully cut in

layers until the top of the first coil was exposed. A dial gage was then

positioned above the gage as shown in Figure ' t Several readings were

taken over the gage face and an average value was obtained. The specimen

was further cut until the second coil was exposed. Again several dial gage

readings were taken and the average was obtained. The difference of these

two values less the thickness of the upper coil was used to get the clear coil

spacing. These measurements are felt to be accurate to within I or 2 per

cent. Table 2 is a tabulation of final coil position as measured mechanically

and as determined from reference coil position for all tests.

- 33 -



Fig. 14 DIAL GAGE APPARATUS FOR DETERMINA-

TION OF FINAL COIL SPACING
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TABLE 2

FINAL COIL SPACING

Coil Spacing - (in.) Per Cent
TestDifference in

Test Mechanically Measured, Reference Coil Measurements
+ 2 Per Cent

1 0.353 0.3485 1.27

2 0.445 0.4574 3.02

3 0.365 0.3640 0.27

4 0.420 0.4257 1.36

5 0.391 0.3993 2.12

6 0.273 0.2703 0.99

7 0.409 0.4142 1.27

8 0.501 0.4950 1.22

9 0.493 0.4805 2.10

10 0.410 0.3927 4.20

11 0.311 0.3228 3.80
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The per cent error was computed assuming the mechanically measured

distance to be the correct spacing. This error includes the effects of both

misalignment in placement and any additional misalignment resulting from

lateral and shearing strains in deforming the specimen. As may be seen,

the largest error is 4.2 per cent with the average being 2 per cent or less.

These results definitely established the reliability of the physical measure-

ments of the gages under static load applications.

Figures 15 to 21 compare gage computed strain to average strain.

Figure 15 shows the ratio of the strain computed from gage output to the

average strain for the larger gage embedded in the center of 4-in.- high spec-

imens. It may be seen that this ratio is usually greater than unity. This is

as might be expected since in the shorter specimen end effects would be

relatively much greater. The adhesion of the specimen to the end plates

tends to make the clay stiffer in those regions. Because of this, the strains

at the center of the specimen would be expected to be greater than the

average. Figure 16 is a similar plot for the smaller gage. Again it can be

seen that the ratio is greater than unity. Very little difference in strain

results from the difference in gage size. It is suprising that in some instances

the gage strains are as much as 20 per cent greater than average at only

2 per cent average strain.

Figure 17 is a graphical solution for strain based on surface

measurements for test no. 5 (see Table 2) with the smaller gage. On this

basis it appears that the periphery strain is fairly uniform along the speci-

men length and compares well with average strain up to about 5 per cent strain.

This is typical for those cases in which the gage was embedded in the center

of the specimen. Above 5 per cent strain, the correlation is not as good, due

to distortions on the surface resulting from the formation of failure planes.

Since the strain appeared to be uniform longitudinally along the

specimen surface, it was decided to place the coils at the periphery.

Figure 18 shows the ratio of gage computed strain to average strain for gages

embedded at the periphery of the specimen. As can be seen, the ratio rapidly

becomes less than unity for the small gage and is much less than unity for the

larger gage embedded in a softer specimen. The strain, as computed from
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surface measurements, also becomes distorted (Figures i9 and .0).. The

curves tend definitely to flatten out in the region where the coils are located.

It is believed that the effect of gage presence was more pronounced at the

periphery due to boundary conditions since there was much less soil sur-

rounding the gage forcing it to move together

Following these experiments, the gages were centrally embedded

in 6-in long specimens and again loaded statically. It was anticipated that

here end effects should be reduced resulting in a more uniform distribution

of strain throughout the specimen Figure 21 shows the ratio of gage strain

to average strain for both size gages. In these tests the stiffness of the soil,

assuming the stiffness to vary inversely with the moisture content, was the

dominant factor Both gages recorded greater than average strain in the stiffer

soil and less than average strain in the softer soil condition This was

probably due to a combination of two effects, i e., (1) the coil was very stiff

in comparison to soil, hence, the stiffer the soil the less the stiffness mis-

match, and the less the effect of gage presence, (2) at the higher moisture

content the soil is above the sticky limit and adheres to foreign materials,

thereby further complicating the soil-gage interaction problem.

Another factor which was considered was the location of failure

within the specimen. If a failure plane occurs through the gage length

(Figure ZZa), it is quite understandable that gage strain could be greater than

average strain only over the length 11 while the strain is computed from 1.

However, the gage experiences slippage over its entire length Figure 2?b

depicts a possible failure intersecting the coil discs It is probably that

this type of failure occurred in test no 11 (Figure '1 ). While the actual

location of the shear planes with respect to the coils could only be estimated

on this test because the gage was centrally embedded, it did appear that the

upper sliding wedge of the specimen was definitely above the coils. As is

suggested in Figure 2"b, this tends to force two soil wedges out and can

cause extremely high stresses in the gage area, producing strains much

greater than average Figure 2,.c shows a possible failure plane outside the

gage area Average strain in this case would be increased by any slippage

along the failure plane while the gage would be sensing only the compression

of the specimen away from the failure zone. This could explain the results
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(a) (b) (c)

Fig 22 POSSIBLE LOCATIONS OF FAILURE PLANES;

(a) Through Gage Length, (b) Through Coil Discs,

(c) Outside Gage

of test no 2 (Figure 15), the only test in which gage strain was less than

average strain for the gage centrally embedded in a 4-in. -high specimen

It is felt that location of failure planes may be significant even at

less than 1 per cent strain. From Figure 14, it may be seen that the slope

of the load-deformation curve begins changing at approximately 0. 02 in

deflection. In the specimen, this corresponds to 0. 33 per cent strain. This

change in slope could indicate the formation of failure planes and the begin-

ning of effects discussed above at small percent strains.

In summary, it appears that the presence of the gage does distort

the strain being measured to some extent With the coils placed at the spec-

imen periphery, surface measurements are distorted. This shows up as

increased soil stiffness in the vicinity of the gage It is believed the effect

of the gage is more pronounced at 'he periphery where there is less soil

surrounding the coils forcing movement together There is probably greater

effect of gage presence in very soft clay than in stiff clay due to greater dif-

ferences in the relative rigidity of the coils and soil and the increased

adhesion between the softer soil and the coils. Conclusions relating to gage

size cannot be drawn in that the nonuniformity of strain throughout the speci-

men is of far greater significance than the difference in gage sizes used.

Tests were next conducted to compare strain from gage output with

average strain in sand specimens. These specimens wera formed by pouring

- 45 -



sand into a 2.8-in -diameter, 6 n -long mold with a rubber membrane lin-

ing. The sand was poured from a height of 18 in, to produce a medium-

density (approximately 106 lb per cu ft, Figure 22) specimen. The gage was

inserted as the specimen was prepared using the following procedure. Sand

was poured to a predetermined level, near mid-height of the specimen. A

coil was placed on the sand surface, positioned in the center of the mold by

a 1/16 in diameter rod inserted through the center of the gage. Sand was

then poured to a second predetermined level from 1/4 to 1/2 in. higher.

The second coil was then slid down the rod and centered at this level. A

slight amount of additional sand was then poured and the rod removed.

Preparation of the specimen was then completed. A vacuum was applied to

the base of the mold and the membrane liner sealed over a cap at the top of

the specimen. The mold walls were then removed and the specimen was

ready for testing

Tests were again conducted applying a controlled rate of strain.

Figure 23 shows the ratio of gage strain to average strain for both size coils.

Gage strain was less than average strain for all but one measurement. The

nonuniformity of strain throu,,hout the specimen and location of failure planes

probably contributed significantly to scatter However, it appears that gage

size effects in sand were more critical than in clay. This may have been due

to frictional resistance between the sand particles and the coil discs, a con-

dition similar to that which occurred in clays with high moisture content. In

fact, the results were very similar

4 3 Dynamic Evaluation of Gage Performance in Soil

Evaluation of the gage under dynamically applied loads has to date,

been confined to verification of gage output. For this investigation, the coils

were embedded at the periphery of a remolded clay specimen, The pro-

cedure of specimen preparation and gage insertion was identical to that

followed for the static tests, After removal of the specimen from the mold

it was trimmed rapidly to expose the edge of the coils. A Fast -:: camera was

then positioned to record coil movement during transit of an applied shock

load caused by dropping a weight on the specimen.
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Gage sensitivity and calibration varied with coil separation or

spacing. Because of this, calibration was required after the coils w,._

embedded in the test specimnn and this separation determined. Calibration

was, however, a short and simple procedure which was accomplished im-

mediately prior to testing, thereby eliminating possible errors which might

have introduced changes with time and temperature. The procedure was

that given in section 3.3.

Load was applied by means of a falling weight. The specimen

was positioned beneath a 3 in. diameter tube through which a 5-lb weight

was dropped from a height of 8 in. Gage output was recorded on an oscil-

loscope which was triggered as the weight left the tube.

A plot of gage spacing versus time was then obtained from both

the oscilloscope record and from the high speed motion pictures Figure

is an enlargement of the oscilloscope record with plotted check points obtain-

ed from the film As can be seen, the correlation is quite good. The

scatter is of the order of magnitude of the accuracy with which the film can

be analyzed

- 48 -



00
0

U

0 01o °l

'.P4

ob

I0 61)/•I

".4r

4' .4 -Z •

o .* ° /

0 0. .,l

oo.4 U

('UT) IV

- 49 -



5. CONCLUSION

A gage operating on the principle of an air-core differential trans-

former and a null-balance system appears to offer a satisfactory method of

measuring strains in soil. With proper electronic amplification and record-

ing circuitry, the gage is extremely sensitive to small axial differential

movements, yet is relatively insensitive to the effect of lateral and rotational

displacements such as might be produced by lateral and shearing strains.

The instrument is adaptable to a wide variety of soil-strain

measurement applications and has many additional desirable features.

(1) There is no physical transducer between the driver and sensor

coil in the soil sample. As such, the soil may be placed more

uniformly within the gage length and actuation of the gage offers no

resistance to the movement of the soil. This is a significant

improvement over a mechanically coupled gage which not only

complicates uniform placement of the soil but also requires that

protection be given to the moving linkage to prevent binding by

interference of soil particles.

(2) The instrument has a wide frequency response thereby making

possible the measurement of transient strains with rise times of

less than 75 microseconds.

(3) Precise spacing of the two coils as they are being inserted in

the snil is not required

(4) In static tests, accuracy of better than one per cent of initial

spacing can be attained Calibration for dynamic tests can be

made quickly, simply, and precisely, providing accuracy on the

order of two per cent of initial spacing

(5) The sensor and driving coils can be made in different sizes

to most readily adapt to the specific application,

Tests have shown that the gages can be consistently placed within

the design tolerances to produce a high degree of accuracy in measurement.

The method of placement used in the tests has the disadvantage that with-
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drawal of the rod used to align coil position while the specimen was being

formed leaves a small hole, but this is not believed to be significant. For

specimens constructed with only a slight amount of agitation, such as a

poured-sand specimen, the coils may be placed quite satisfactorily in small

specimens by eye, while in large specimens a plumb bob ot;uld O'low suf-

ficiently accurate placement. However, for samples which require a heavy

agitation, such as a procter hammer for compaction of clay, some means

must be used to stabilize the coil positions until the compaction of the soil

in the vicinity of the gage is completed.

The gage suffers the drawback of all gages, in that by its very

presence in the soil, it influences somewhat the phenomenon which it is

meant to measure. Tests results have given an indication of the distortional

effects of this gage on the strain field in its vicinity but additional investiga-

tion is required to fully evaluate gage performance This effect does appear

to be of significant magnitude when embedded in sand. When embedded in

clay, the effect of gage presence appears to be much less pronounced and,

in fact, may be negligible in stiff soils. Detailed conclusions as to gage

effects in either medium cannot be made without further detailed study It

would appear desirable, however, to reduce the coil-size spacing ratio.

This may be accomplished by further refinement in electronic instrumenta-

tion to permit fewer number of coil windings and by winding the coils with

finer wire,
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6. RECOMMENDED FUTURE WORK

To evaluate the significance of the effect of gage presence and to

reduce this effect by refinement and modification of the gage, it is recom-

mended that the following studies be undertaken:

6.1 Soil Mechanics Studies

(1) Make up a number of identical coils and put them in various

size molds to obtain a range of over-all gage sizes.

(2) Prepare large soil specimens, perhaps 6 in. in diameter, in-

serting a number of gages at various positions radially from the

center at the same cross-section near the top, center, and bot-

tom of the specimen. Strain would then be obtained from (a) the

output of each gage, (b) total deformation of the specimen, and

(c) a surface measuring technique. Careful analysis could be

made as to location of failure planes. Results could then be

analyzed to determine trends relating to gage size-spacing ratios.

(3) Prepare smaller specimens, 3 in. and 1 in. in diameter 4-a as

reproducible a manner as possible. Test these without gages and

with gages of varying sizes Both load and strain could be

recorded and a.ialyzed to determine if any effect in ovei -all load-

strain characteristics of the specimen can be related to gage size.

(4) Prepare specimens in a slurry and consolidate with gages in

place. The soil should be quite uniform throughout these speci-

mens, including that in the vicinity of the gages. Thus, the

influence of specimren nonuniformity due to preparation and gage

insc--tion should be reduced to a minimum. Tests would be con-

ducted as in (1) and (2) above. Results again would be analyzed to

determine trends related to gage size. Comparison of any trends

established here would be made with those established in (I) and

(2) above to determine if the method of placement causes any

significant changes in strain.
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6.2 Electronic Studies*

Alternate Coil Design

(1) Modify present arrangement of coil pairs to replace pick-

up coils by a thin flat metal plate The two driver coils in this

case would be balanced in an inductance bridge circuit As the

coil and metal plate move together the coil inductance changes,

thereby producing a proportional unbalance in the inductance

bridge circuit. Preliminary investigation of this principle has

been made and sensitivity appears to be of a satisfactory magnitude

Modification of the present electronic amplifying equipment will

be necessary to make a more dctailed examination. If this

principle proves satisfactory, investigation could be conducted as

to the feasibility of using structural models as the replacement

for the pick-up coil Thus, an extremely useful tool for the study

of the soil-structure interaction problem may be developed

(2) Investigate feasibility of applying the principle of operation

of the present gages to develop a gage for field use. This would

necessarily mean using larger coils and more refined instrumenta-

tion It is recommended that a preliminary investigation be made

to determine the size coils which would be required

Improvement of Coil Design and Electronic Auxiliaries

(1) Study just how small the gages could be made and still retain

enough seisitivity so that small changes in coil separation can

be detected within accep.t),le tolerances Coil sensitivity in the

normal direction is related to the number of turns of the coil and

the sensitivity of t•Le electronic equipment. It is obvious that

fewer turn;s reduces the size of the coil However, this also

causes a loss in coil sensitivity From the concept of soil-gage

interaction, it is advisable to make the gages as small as possibla.

However, there exists some minimum size under which the low

sensitivity becomes prohibitive, regardless of the degree of

refinement attained in instrumentation.
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(Z) Undesirable coil sensitivity to transverse and rotational

movement seems to be related to the ID of the driver coil and

the OD of the sensor coil. Present data on this effect are limited

but it seems reasonable that there exists some OD sensor-ID

driver ratio that will give the lowest sensitivity to these move-

ments and not distort the uniform magnetic field. By finding the

most adequate ratio to give the lowest sensitivity, the possible

movement of one coil in relation to the other in these directions

becomes maximized.
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APPENDIX I

ELECTRONIC AUXILIARY COMPONENTS
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TABLE I-1

COMPONENT PARTS LISTING

Stocknumber or Manufacturere
Conponent Manufacturer Iden-tification Nu, nbcr

Dressen-BarnesPow•'r Supply Electronics Corp. Model 20-30

Oscillator Delta - F P.S. Model 20-30
Pot-Core TI & TZ Type F671-H

Cup Core (4) General Ceramics CF 214

R1,R9 Standard items 4.7K

R2 available any 33K
electronic supply

R3,RIO 1house. 470

R4 330 2W

R5, R6 1000

® R7, R8 47K

o RI IK

• R1Z 22K

t R13 82K

R15 IK IW

R16 IK

R17,RI9,R20,R26 10K

R18 20K

Cl !Standard items .25MF

w C2, C5, C7 available any 1OMF
electronic supply

2 C3,C4 hiouse. 0. O5MF

u C6 t 0. OIMF

C8,C9 0 02MFU
CIO j 0. 003MF

SQl,Q3Texas Instrument N 696

Q2 2N 338
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TABLE l-l(Cont.)

Stocknumber or Manufacturers
Component Manufacturer lIdentification Number

Silicon Diodes Sylvania IN 914
DI, DZ, D3, D4

~P Filter United Transformer UTC LP Filter LMI 10, 000Corporation

Model 1329 (10o-n-100 Micro-
ammeter)

Transistor Holder and IERC-Magnuson IERC TXB-032-037B
Heat Sink (2) -. ssociat,!s

Steatite Ceramic Oak 57F637
Insulation Switch

Plug -Lmphenol Amphenol M58106 A145-5P

COILS The driver c:iilL (300 turns) and the sensor coils (150 turns)

were manuft.ctu:red for the Armour Research Foundation by

the Rockvi:1e I idiana plant of IWORMEYER INDUSTRIES

These coils are identified as Part N4umbers 3701 and 3702

on a Dormeyer quotation dated 15 January 1963, in response

to an Armour Research Foundation Purchase Order No 53560,
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10K Pot Located
on Front Panel

R20
10K Located C8 C5 Rll
on Front Panel

100 ohm [7-C4
pots locat // \\1 02 - R8
ed on righT 0-TA 0 [-0 1K b
side of D 'chassis F-lC.,,,..".... IOMF T 2

Bottom "7 /,,,0 0O-- 00

.25 MF C9 7K R7c 1 ..... -•-: - O \ o---m:.VkO __-- R 9
33K 01 Mr, o MFRZ 0--' -0 O--- fŽ•- C3

R 3 0- 1V- -- R 12- 0 0  R13
3309 01MFR4 0--:'w ,-O c6 2-o .

2 Watt IOMFD- , C7

D, T-2 C7

Jumper

10K
D3 .... -0 0-';t/v--0-O-... R 17

20K

Jumper -0- R0 9

IK
D4 O--,'!- \,%,-O -... RS18

Fig. I-I ELECTRONIC CIRCUIT COMPONENT LOCATION
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DRESSEN-BARNES ELECTRONICS CORPORATION S
I SPECIFICATIONS FOR STANDARD UNITS (For modifications,. se tame)

INPUT: 105 to 125 volts AC, single phase 60 to 400 cycles per seed.

REGULATION: For a line change from 105 to 125 volts AC the maximum utiput vollage
change Is 10 millivolts.
For a load change from zero to maximum rated current. the maximum
output voltage clung.e i 10 millivoltk.

RIPPLE: The maximum ripple Is 1 millivolt RM8 under all condilton within rated
operating range.

OUTPUT 500 kilocycles 1. 5 ohms. Impedance nmay be reduced as desired by
IMPEDANCE: adding capacitance externally across the output.

TRANSIENTS: No turn-on or turn-off transients. No transients due to line voltage
change. The maximum load transient recovery time is 100 mleroesmude.

OVERLOAD This series of DC power supplies is protected against oveoed by a DC
PROTECTION: fuse.

CONTROLS: A voltage control accessible from the top of the case vane, the output
voltage ovwe the range specified for eacb individual model (Wee.OUTPVIT).

TERMINATIONS: Solder terminals are the standard input and outipu terminltion for this
series of OC power supplies.

MAXIMUM OPER-
ATING AMBIENT: SO degrees centigrade

OVERALL SIZE: 2-7/S inches wide. 5-1/4 inches igk 4 Inches deep.

WEIGHT: Net: 3 pounds; Shipping: 4 pounds.

OUTPUT:

Model Nom. Volt. Current Model Noam. Volt. Current Model Noes. Volt. Cuaret
Volt. Adj. (MA) Volt. Adj. (MA) Volt. A4. (MA)(%) (•) )

20-2 2 .10 750 20-13 13 tS 500 20-32 32 A: 200
20-3 3 110 750 20-14 14 5 Soo0 20-34 34 15 275
20-4 4 110 750 20-15 15 iS 475 20-40 40 is 2"0
20- 5 *5 760 20-1 16 *5 475 20-45 46 as 225
20-S 6 is 750 20-18 16 *5 450 20-S0 0 so 22
20-7 7 is 650 20-20 20 is 425 20-"s 95 * a"
20-S I *5 500 20-22 22 a5 400 20-90 00 SO I"S
S0- . :S 550 200-24 24 *5 375 20-YB 75 6 125
20-10 10 *A 550 20-26 25 *5 250 20-90 s0 *S i2s
20-11 I1 *1 550 A2.l So._ 2%A 0-SO0 SO aS 10
20-12 12 1S 550 0- 0s I 20-100 1100 15s 1

MODIFICATIONS: If your 20-Series Power Supply model number Mu an "14" sIf It Is a
modified wnit. lwejfotlowif table defoes various stadurd maodfloutem:

Modiffioaton Modificatioa
Code 001 ix Code v0um
to Model No) Description or Modifienttos to Model No) Description or Moification
M1 Octal Plug (instead of sa~der MOO Mi and ow T40

terminals) M82 Mi. MT80 and 1412
M2 Mi ead MTS M11 MI, MT0 Uand 1412
Ad1 MI and MT2 M84 Ml MT90 nmd M41
M4 MI sad MT4 1465 Mi, 1T0. 14 1n2 OWN=
MS Mi. MT2 and MT3 Muse, I., M T. 12 and 1T4
MU MI, MT2 and 1T4 M87, i. TS, MTK and 1T4
mi/ Ml, 14T2 and MT4- MTO0 *,10 dat (looked d s*9)
Jim Remote swning MTU iT0 ead11
NITS Remote Voltage Adjust T1416 141 and 141
MT4 Remote Fuse M1404 MT0 and 1T4
M" M12 sad 1T4 14rM0 1 4 sad 142M
M"1 1412 sad 1414 1M MT130. K41 .m MT4
I" 2T ad 1414 14111r M110% 141 Msid 14



DRESSEN-BARNES ELECTRONICS CORPORATION &
U GeNmA DESCRITON

The Dreeeen-frnee 20 Settee DC Power boot"e prodesea reglatedi WC voagea&&
juetabl to *51 and *101 of nominal voltage at outpu curreds from meae to wog
ruted eutreat (me llcloe page $2. for indvidual medal mumber mel dpolsia.
The supplies ate regulated agistied hageei to ime mWa/r lead eonation. The iver.
malntion hin manuemml is general mand cower, all 30 set"e Power suples. Refer to
Insert "A" for a eircuil diagram mand replmoemeat putsi Hot of your Power supply.

2-1. 'L.OATING OUTPUT

The plus (+) mand value (-)output terialmal, ane Imnlated tromt cheto pein Urouer
outpu terminal may be grounded. Sevral supplies may he eosmoted in -erlep 1w
higher voWage by contacting the factory, for ltnmatlems. Parms"e opfertioa or the
euppliee Isenot recommended.

When a 20 Seriee Model Power Ihiply to reoeeve. hoepedt K for any dumpagef my
haere rceive toehipmeat.

Operate the power eupply to meke oertato tha t It of unetioatag sosatlefately (ame
Paragraph 4-2, CIIZCX-OUT PIIOC3DURZ).

IV OATMG 1NSTRUCION
4-1. INPUIT AND OUTPUT COHNS3CTIONu

The lampu and output terminal demlgnatlons are ohms ammaee to their repete
terminate. gse Figure 1 and linen A echeomilst

4-2. VOLTAOX CONITROL

The -upag ooidro Will morease the outpuotag when" rolate IN a eleekwl am-e
tiom Adjust the voltage eanrol to the deetred vollage as bideded by mas aternl~ly

* ooinected metor. onrs ft Z

r* x'~ I TO dbasvm:oON":0mi WWspi
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DRESSEN-BARNES ELECTRONICS CORPORATION ®9
V CIRCI DECRPION (Ise Fig. :, .; edof. circutry typical of 30 Srissmdue

The influt voltage is applied directly to transformer TI.

The AC output ad TI to divided Into two secondary windingseseld rectified by diodes CR1
mad CRS-CRS.

The DC output from diode CR1 is smoothed by an R.C filter (capacitorm CS And C6 and
resistor RIX) and used for bias supply voltage.

The DC output f romn CM.CRS to smoothed by capacitors CI-C2. A short cirsuit limitin
resistor (III) abeorbe moet of the voltage ahead at transistor Ql unde a shert circuit
surge. Thin limit, the wattage scere" QI to a value below Its maximum diselpe~tle
specification.

The DC voltages acrose capacitors Cl-CS and CS-CS will chaume with changes be output
load current and/or Input voltage conditions. The voltage acre"a capsactors Cl-Cl is
always higher than the output voltage of the power supply.

To regfulate the output voltage. a series regulator is connected between luee F1 And We
aegative (-) output terminal. Thin regulator consists of a power transistor. QI. This
traneistor Is so controlled that it will always absorb the diffrence between the megupla-
ted voltage at F1 and regulated output voltage of the power supply.

A steady reference voltage of approximnately 5 volin Is provided by the Zemer diede U.
This reference voltage In connected to the bane of transiator Q4. through resistor M.
Resistor& R5 and R14 compeneate for line changes by allowing a small compoe~mutl
current to flow through U2.

Iteeltore R7 to Rl I form a voltage divider string, blssing the hens of transistor Q6
approximately equal to the ees* of Q4. Uf the voUap crsera one of the reeisters to held
constant, the ouput voltage in constant. The string resistor. ft$ coutrale the output
Voltage ewing.

N the voltage acroe" resistors R7.-R1l should clangs. the bimn on the bane of the
difference amplifier, Q4.QS would no longer he equal. Thin change Is amplified at the
collector of Q4 which drives Q3. The output from Q3 is amplified by Q3 ' The output of
Q2 controls the series regulator QI. A few millivolts clange scrcee £7-Nil will eemple-
tely Control the voltage across the @*rise regulator. The cheap nge voltage &arme the
series regulator In always the saow" required to pWeve-t further clmasp Is v~Ni
across R-NIl mand therefore clangs In output voltage.

A fuse. 11. located betwee RI and 01. protects the circuit cowponsets from wevene
leso ova load occurs. the fuse bllows Cutting anf the voltage to the serel efte, a"d
the output current drops to mera.

Tog o Cscitoheai
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DRESSEN-BARNES ELECTRONICS CORPORATIONS®
V1 MAJNTBNANa

6-1. CLEANMN

The Inside of the unit may become coatedwith dent which trpaire proper cooling. PA-
move the perforaed came every few mon~ths (depending oa duet conditiouns) and reomov
any u acumulamto romthe cameand cmponecta. Case removal instructions are,
Printed on the side ci the WKni.

6-2. CHECK-OUT PROCEDURE; REGULATION & RIPPLE AND IMPEDANCE1

For check-out of the 20 $eriee DC Power Suppliee against lhesesen.Smrsee fteceftalene.m
see Figures 3 a&d 4.

4-3. MAXIMAUM AND UIdDIUM OUTPUT VOLTAOE SETD4

The output Voltage should owing aS1% or A10% of thewornomlel vOPoftge the Power jupl.
(See Specifications. Pngex- c, for Individual model umbertio and outputs). If the output

vlaeis too low or too high It will be neceesary to change the values ON reeletere NY
ne/rRIO by changing the nalue of their ametr reeistors all aed/or R11. IbIng 316

04. OVERLOAD POETO

Each, model of the 20 serise Power Smtlee musot be operated with, the prope value for
hoee. ?I. The tuwe value is deeignated on the nameplate of oea unA.

O-S. TROUBLE LOCALIZATION

TROUBLE PROBABLE CAUSE SOLUTIO

No DC output 1. Fiaeell blows 1. Replacehoee

2. Open transiutor 2. Replace tnannohr Qi
Ql. Q2 or Q3. first. Thea Q2 and 1

__ respectively.

Nigh DC output 1. Sheorted swime I. Replace transistr QL
-11tage regulator

transistor Qi.

3. Sheeted differeces 2. Replac miehe Pug~
ampliier tromseletr Q and Q5.
Q5.

DC output volloge I.- Detective Eener 1. Replace 32 and/o at.
"erratchgh roglde diod Z2 or El.

2. Detective reeisior, 2. Rplace 37 and/cr 3111.
R! or RIO.

Power Bowpl will 1. Deffective eerie. 1. Replace detective
adt regulae reýGgulator trWioo r~ r Q1.

Q0.

54. PARTS REPLACEMENT131

Refer to -..ablel-i for circuit diagram and replace-
ment parts list of your power supply.
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DRESSEN-BARNES ELECTRONICS CORPORATION®
VAI"AtlI AUTOTNANSFORMgN

1. Connect the power supply AC inaput to the variable autotraneformer as show.
2.Connect AC voltmeter MlI across output of variable autotransformer, as shows.

C. Co dc load resistor RL to the outptp terminlsl of the power supply thogh aweh SWI
sad DC ammeter M3. The load resistor RL should be suc that the redload eeriest in
obtained with rated output voltage.

4. Connect a differential voltmeter. M44. DIRECTLY to the power supply output terminkis.
The differential voltmeter must NOT b-e c-nnectd to the load qr to the wires going tothe
load.

S. Connect an AC vacuum tube voltmeter. M2, with shielded leads to the output termlsuls
ol the power supply.

6. WA)A REGULATION CHECK
a. Adustvariable autoransormer forl115volts AsIndicatd by Ml.
b. Close load switch. &WI. and adjust load resistor RL for rated colpat eeriest as Indinsted

by M3S with the power supply output set at rated voltago.
a. The load regulation can be measured by alternately opening and closing switch @W1 sad

observing the voltage clangs on the differential voltmeter. M(4.
7. LINE REGULATION

wit raed atpt urrent, SWlcloostd. vary the line voltage an Indica"e by M1 fraU 105
to 125 volt by means of the variable as~nrassformer. The line regulatinaear ho e sel.
serve on the differential voltmeter. M4.

I. RIPPLE
WEIMAC input voltage set at Ill volts, rated output current and voltage, the VOWpl
may he observed on the AC vacuum tubs voltmeter, MS.

Fig. Z - 4 Test Setup for Regulation and Ripple Check

IIPL Au Vo, ouiw 1w s

I.~~~ Conc ------pwrsplya niatdaoe.Cnet~n oisruetes
Ponss OulWe bERvd Al nntlnshldbashrt-pel.

3. A Cjs thMoe upyolu otg ortdvle acs the raeFOpir~e

1. Conend oupth lad resistr soppthat aindiclately abve percentiorated loadnreatMi onsaed
4. etd theACvauum tbe obevoteer.Al rangectio sh l~ould es shorl sals.psibe

6. With the vacuum tubel voltmete vonnetaed to poit" , v .iadjst the oriate amplueat ethe
Mae@&i temaximum inunti a otg read ing of 100 mlioltfsotando the tes lgasaRI .ad U 00 sS-

v.lthge toavalue inthmsat thes partiecular theqenc seinpu aing of the iarinbis oeilds. i
s4. Set theC vacuum tube voltmeter readnge in10 millivolts favldl byo1k.

S. Witeah frehenc vtathc thboteer connected topintX masurd. rehec oupth ampitud ofs the 1

6. ronesdsth or (veb tube voltmetr ton point 1.fraM iliotraig

3. Ths DC Imapedance of the power supply in spal to the load regulation of the power seppl
dvddby the rated load current.A

fig. r- 5 Test leitu for Impedance Check
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TDR-63-3

DISTRIBUTION
Collv No

HEADQUARTERS USAF

1 Hq USAF (AFOCE), Wash 25, DC

1 Hq USAF (AFRST), Wash 25, DC

1 Hq USAF (AFRNE-A), Wash 25, DC

1 Hq USAF (AFTAC), Wash 25, DC

1 USAF Dep, The Inspector General (AFIDI), Norton AFB, Calif

1 USAF Directorate of Nuclear Safety (AFINS), Kirtland AFB, NM

1 AFOSR, Bldg T-D, Wash 25, DC

MAJOR AIR COMMANDS

1 AFSC (SCT), Andrews AFB, Wash 25. DC

1 AUL, Maxwell AFB, Ala

I USAFIT (USAF Institute of Technology), Wright-Patterson AFB,
Ohio

1 USAFA, United States Air Force Academy, Colo

AFSC ORGANIZATIONS

2 AFSC Regional Office, 6331 Hollywood Blvd., Los Angeles 28,
Calif

1 ASD (ASAPRL, Technical Doc Library), Wright-Patterson AFB,
Ohio

BSD, Norton AFB, Calif

1 (BST)

1 (BSQ)

2 (BSR)

2 SSD (SSSC-TDC), AF Unit Post Office, Los Angeles 45, Calif

2 ESD (ESAT), Hanscom Fld, Bedford, Mass

1 AFFTC (FTFT), Edwards AFB, Calif

1 AFMTC (MU-135), Patrick AFB, Fla

1 APGC (PGAPI), Eglin AFB, Fla

1 RADC (Document Library), Griffiss AFB, NY

1 AEDC (AEOI), Arnold Air Force Station, Tenn

KIRTLAND AFB ORGANIZATIONS

AFSWC, Kirtland AFB, NM

1 (SWEH)
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TDR-63-3

DISTRIBUTION (cont'd)
No. cv s

50 (SWOI)

1 (SWV)

1 (SWT)

5 (SWRS)

OTHER AIR FORCE AGENCIES

2 Director, USAF Project RAND, via: Air Force Liaison
Office, The RAND Corporation (RAND Library), 1700 Main
Street, Santa Monica, Calif

ARMY ACTIVITIES

I Chief of Research and Development, Department of the Army
(Special Weapons and Air Defense Division), Wash 25, DC

2 Director, Ballistic Research Laboratories (Library),
Aberdeen Proving Ground, Md

1 Research Analysis Corp., ATTN: Document Control Office,
6935 Arlington Road, Bethesda, Md., Wash 14, DC

2 Chief of Engineers, Department of the Army (ENGEB),
Wash 25, DC

2 Office of the Chief, Corps of Engineers, US Army (Protective
Construction Branch), Wash 25, DC

2 Director, Army Research Office, Arlington Hall Sta,
Arlington, Va

2 Director, US Army Waterways Experiment Sta (WESRL),
P.O. Box 60, Vicksburg, Miss

2 Commanding Officer, US Army Engineers, Research &
Development Laboratories, Ft Belvoir, Va

NAVY ACTIVITIES

2 Chief, Bureau of Yards and Docks, Department of the Navy,
Wash 25, DC

1 Commanding Officer, Naval Research Laboratory, Wash 25, DC

1 Commanding Officer and Director, David Taylor Model Basin,
Wash 7, DC

2 Commanding Officer and Director, Naval Civil Engineering
Laboratory, Port Hueneme, Calif

1 Commander, Naval Ordnance Test Station, Inyokern (Code 12)
China Lake, Calif

2 Officer-in-Charge, Civil Engineering Corps Officers, US
Naval School, Naval Construction Battalion Center, Port
Hueneme, Calif
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2 Office of Naval Research, Wash 25, DC

OTHER DOD ACTIVITIES

1 Chief, Defense Atomic Support Agency (Document Library),
Wash 25, DC

4 Commander, Field Command, Defense Atomic Support Agency
(FCAG3, Special Weapons Publication Distribution), Sandia
Base, NM

2 Director, Advanced Research Projects Agency, Department of
Defense, The Pentagon, Wash 25, DC

1 Director, Defense Research & Engineering, The Pentagon,
Wash 25, DC

2 US Documents Officer, Office of the US National Military
Representative (SHAPE), APO 55, New York, NY

10 ASTIA (TIPDR), Arlington Hall Sta, Arlington 12, Va

AEC ACTIVITIES

1 US Atomic Energy Commission (Headquarters Library),
Wash 25, DC

1 Sandia Corporation (Tech Library), Sandia Base, NM

1 Sandia Corporation (Tech Library), P.O. Box 969, Livermore,
Calif

1 Manager, Albuquerque Operations Office, US Atomic Energy
Commission, P.O. Box 5400, Albuquerque, NMI

OTHER

1 Langley Research Center (NASA), Langley Fld, Hampton, Va

2 Office of Assistant Secretary of Defense (Civil Defense),
Battle Creek, Mich

1 Space Technology Labs, Inc., ATTN: Information Center,
Document Procurement, P.O. Box 95001, Los Angeles 45, Calif

2 University of Illinois, Talbot Laboratory, Room 207, Urbana, Ill

2 Massachusetts Institute of Technology, Department of Civil and
Sanitary Engineering, ATTN: Prof. R. V. Whitman, 77 Massa-
chusetts Avenue, Cambridge, Mass

1 St. Louis University, Institute of Technology, ATTN: Dr. Carl
Kisslinger, 3621 Olive Street, St. Louis 8, Mo

1 University of Michigan, Dept of Civil Engineering, ATTN:
Frank E. Richardt, Ann Arbor, Mich

1 Portland Cement Assoc., ATTN: Eivind Hognestad, Manager,
Structural Dev Sec., 33 W. Grand Ave., Chicago, Ill
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1 University of California, College of Engineering, ATTN: Prof.
Martin Duke, Assistant Dean, Los Angeles, Calif

1 Stanford University, School of Mechanical Engineering, ATTN:
Dr. Lydik S. Jacobsen, Stanford, Calif

5 University of New Mexico, AF Shock Tube Facility, Box 188,
University Station, Albuquerque, NM

5 Armour Research Foundation, ATTN: W. B. Trousdale,
3422 South Dearborn St., Chicago 15, Ill

1 MRD Division, General American Transportation Corp.,
7501 North Natchez Ave., Niles 48, I1

1 National Engineering Science Co., ATTN: Dr. Soldate, 711
South Fairoaks Ave, Pasadena, Calif

2 United Research Services, ATTN: Mr. Harold C. Mason,
1811 Trousdale Drive, Burlingame, Calif

2 University of Notre Dame, Dept. of Civil Engineering, ATTN:
Dr. H. Saxe, Notre Dame, Ind

1 Stanford Research Institute, Menlo Park, Calif

1 University of Washington, ATTN: Dr. I. M. Fyfe, Seattle 5,
Wash

Z Purdue University, School of Civil Engineering, ATTN: Prof.
G. A. Leonards, Lafayette, Ind

1 Paul Weidlinger and Associates, 770 Lexington Ave, New
York 21, NY

I Defense Atomic Support Agency (DASABS), Wash 25, DC

1 Official Record Copy (SWRS)
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